A probit model is used to examine the stability of the predictive content of the term structure in forecasting U.S. recessions. In particular, we compare forecasts of a recession under different assumptions regarding the presence of a structural break. We find strong evidence of the existence of a structural break in the U.S. economy, but there is considerable uncertainty about its exact location. Further, recession predictions are very sensitive to its location.
Introduction
The recent slowdown in the U.S. economy has become a main focus of attention by the government, media, and financial markets participants. The concern is whether low growth in the economy will evolve into a recession. Hence, this is a period in which models that produce forecasts of recession probabilities are most valuable. However, several authors have documented parameter instability due to potential changes in the stochastic structure of the U.S. economy over the last thirty years. This is an important reason why it is difficult to predict recessions in real time.
This paper illustrates this difficulty from the perspective of December 2000. Following Estrella and Mishkin (1998) we use the yield curve in a probit model to construct probabilities of a recession occurring in 2001. We compare recession probabilities obtained under the assumption of stability with the ones obtained allowing for the presence of a structural break. 1 We find strikingly different predictions between models that assume no break, fix the break at a particular date or estimate the break endogenously.
There is a vast literature on the prediction of recession using financial variables. In particular, recent empirical work has found that the term structure of interest rates is a good predictor of subsequent real output growth or future recessions. 2 Although the results are statistically strong, there is evidence that the predictive power of the spread is not stable over time. One of the possible reasons is that its predictive power may depend on whether the economy is responding to real or monetary shocks, or on the monetary policy reaction function. On one hand, linear models that use output growth as the dependent variable indicate that the forecasting ability of the term spread has reduced since mid 1980s. In fact, most models using the yield curve found it difficult to signal the 1990 recession in real time. 3 On the other hand, models that focus instead on predicting binary recessions are more stable and successful than continuous ones (see Estrella and Mishkin, 1998) . This evidence is corroborated in the more recent work by Estrella , Rodrigues, and Schich (2000) (ERS hereafter), who examine the stability of the predictive model using classical tests for an unknown single breakpoint.
They find evidence of structural break in the continuous model of U.S. output in late 1983, but no evidence of instability over the full sample using binary models. 4 While we find that the yield curve accurately signals weak future economic activity in-sample, the information content of its sharp inversion in December 2000 depends crucially on the stability of its relationship with future economic activity. Under the assumption of 'no break', the forecast probabilities of a future recession are around 45% in December 2000, while for the fixed breakpoint in 1984 these probabilities increase to 90%! This date coincides with the evidence of increased stability (break in variance) documented by McConnell and Perez (2000) . We view this as consistent with their important work documenting a decline in the volatility of the US economy, since one can interpret the signal to noise ratio of the yield curve as having improved.
In contrast with the classical results of ERS, we find strong evidence of the presence of a breakpoint when the binary probit model is estimated using the Gibbs sampler. The existence of a breakpoint is important as the forecasts of recession probabilities change considerably as illustrated by the assumed break in 1984. Further, where the break occurs is crucial in determining the probability of a recession. The posterior distribution indicate that a break might have occurred in the early 1970s
(around the time of the productivity slowdown), in mid 80s (around the time of the volatility decrease) and in the early 1990s (around the time of a resurgence in productivity). This uncertainty over the breakpoints implies very different forecasts of a recession in 2001. In particular, we find that the posterior mean probability of recession across all breakpoints is 32% in December 2001, but there is considerable uncertainty around this mean.
The paper is organized as follows. The next section introduces the model and discusses estimation using the Gibbs sampler. In the third section the empirical results arising from the different techniques and break assumptions are discussed. The fourth section concludes.
The Model
We use a standard Gibbs sampling method to evaluate the posterior properties of the probit model, which is defined as:
Where S t is the spread between the 10-year and 3-month U.S. Treasury yields, Y is not directly observed, we use the dating provided by the NBER, assigning the value of 0 if the observation is an expansion or 1 if is a recession. In order to allow for structural breaks, the unobserved is * k t Y + modeled as a Gaussian process with a constant unit variance and conditional mean:
where τ represents a break point and X t (τ) is the 4x1 vector:
For τ 1 ∈ {t : 1 ≤ t ≤ τ} and For τ 2 ∈ {t : τ < t ≤ T }. Let the collection of parameter vectors { β β(τ) ∈ [τ 1 , τ 2 ]} be defined by:
We assume that the prior on β β (τ) is identical and independent across different breakpoints. Since we wish to calculate a marginal likelihood we require a non-diffuse prior. Therefore, we assume that the prior distributions of β β (τ) are normal with mean {β β } and variance D. The prior distribution π on τ is assumed to be discrete uniform over support [t 1 , t 2 ]. 
2. If t+k is a recession period: draw * k t Y + ≥ 0 by adding a draw from the truncated normal on and X(τ) = [X 1 (τ)',…, X T (τ)']' we have:
where the sum of squared errors is
and the ordinary least squares estimator is
We find the marginal likelihood for each candidate breakpoint τ, and then draw a new value of τ from the probability mass function: 
where we have transformed from the original density
Thus, if we average this expression across draws of Y * from the Gibbs sampler it will converge to the unconditional Bayes factor.
Prior and Estimation Results
The term spread data cover the period from January 1967 to December 2000. We assume that no recession will be called in the last three months of 2000, and we use the last 12 months of the term spread data to form forecasts of the probability of recession, that is, k=12. We assume that the prior variance of β β (τ) is the identity matrix. For the prior mean, we stack the deck in favor of there being no break by assuming it is equal to the maximum likelihood estimator over the whole sample. The main choice with respect to the prior for τ is the one regarding the endpoints. Since we are assuming informative priors, we could work with all the possible data points.
Instead, we decide to keep a minimum of 10% of the data in each regime. This means that we allow for a break after the business cycle trough of March 1991.
In the maximum likelihood analysis of ERS it is necessary to exclude breakpoints that occur after the 1990-1991 recession, because the maximum likelihood estimator is not well-defined. Since the spread is positive through the end of 1999, maximum likelihood produces
With an uninformative prior distribution, similar concerns would occur in the Gibbs sampler.
However, the informative prior distribution will move back the posterior mean to prior mean and, more importantly, the term 5 See Koop and Potter (1999) . 6 Hall (2001) We consider three cases. First, we estimate the probit model under the assumption of no structural breaks in the observed sample using both maximum likelihood and the Gibbs sampler. For the Gibbs sampler we use 20,000 iterations and start the sampler off from the maximum likelihood estimator. Next, we fix a breakpoint in the conditional mean of the probit model in January 1984, based on the evidence of increased stability in the U.S. economy from this date onwards, as documented by McConnell and Perez (2000) and several other recent works. Again, we estimate the model using maximum likelihood and the Gibbs sampler. Finally, we consider estimating the breakpoint endogenously using the Gibbs sampler as outlined above. Table 1 reports the results obtained for each of the cases considered. Maximum likelihood and the posterior means from the Gibbs sampler yield very similar results for both the cases of no breaks and considering a known breakpoint in January 1984. 7 The results corroborate previous findings, indicating a significant relationship between inversions of the term structure and the probability of a recession 12 months ahead.
The probability of recession for the probit model is given by Φ Φ (X t (τ)' β β(τ)) for a draw of β β(τ). probability of a recession is between 0.27 and 1. That is, the uncertainty regarding the recession probability increases considerably when taking into account the breakpoint.
We use 120,000 iterations to estimate the probit model allowing for the presence of an endogenous structural break. We start the sampler from the maximum likelihood estimate for the whole sample, but only start calculating posterior features after 10,000 draws. mean recession probability is 0.32, a symmetric probability interval of 95% around this mean is effectively the whole unit interval. That is, allowing for an endogenous break in the conditional mean of the term structure introduces great uncertainty into the recession prediction.
Conclusions
We have developed a Gibbs sampling algorithm for estimating the effects of structural breaks on the probability of recession from probit models. The algorithm is used to address the probability of a recession state in December 2001. We find considerable uncertainty over the value of this probability due to uncertainty over the correct breakpoint. We view this uncertainty as reflecting the stylized fact that each business cycle is different. .00
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